Nutcracker syndrome occurs when the left renal vein (LRV) is compressed between the superior mesenteric artery and the aorta, and this syndrome is often characterized by venous hypertension and related pathologies. However, invasive studies such as phlebography and measuring the reno-caval pressure gradient should be performed to identify venous hypertension. Here we present a case of Nutcracker syndrome where the LRV and intra-renal varicosities appeared homogeneously hyperintense on magnetic resonance (MR) fast-spin-echo T2-weighted imaging, which suggested markedly stagnant intravenous blood flow and the presence of venous hypertension. The patient was diagnosed and treated without obtaining the reno-caval pressure gradient. The discomfort of the patient lessened after treatment. Furthermore, on follow-up evaluation, the LRV displayed a signal void, and this was suggestive of a restoration of the normal LRV flow and a decrease in LRV pressure.
The Usefulness of Fast-Spin-Echo T2-Weighted MR Imaging in Nutcracker Syndrome: a Case Report
Nutcracker syndrome occurs when the left renal vein (LRV) is compressed between the superior mesenteric artery and the aorta, and this syndrome is often characterized by venous hypertension and related pathologies. However, invasive studies such as phlebography and measuring the reno-caval pressure gradient should be performed to identify venous hypertension. Here we present a case of Nutcracker syndrome where the LRV and intra-renal varicosities appeared homogeneously hyperintense on magnetic resonance (MR) fast-spin-echo T2-weighted imaging, which suggested markedly stagnant intravenous blood flow and the presence of venous hypertension. The patient was diagnosed and treated without obtaining the reno-caval pressure gradient. The discomfort of the patient lessened after treatment. Furthermore, on follow-up evaluation, the LRV displayed a signal void, and this was suggestive of a restoration of the normal LRV flow and a decrease in LRV pressure.
utcracker phenomenon refers to the compression of the left renal vein (LRV) between the superior mesenteric artery (SMA) and the aorta, and the associated symptoms are defined as Nutcracker syndrome (1) . The underlying pathophysiology of Nutcracker syndrome is not yet understood; however, it has been proposed that these related symptoms are caused by venous hypertension in the entrapped LRV (2) . Making the diagnosis is based on the assessment of the pathological anatomy and physiology.
We present here the case of a 24-year-old male who presented with intermittent left upper abdominal and flank pain without hematuria, and the patient was diagnosed as having Nutcracker syndrome by using magnetic resonance (MR) fast-spin-echo (FSE) T2-weighted imaging (T2WI). To the best of our knowledge, this is the first report of using MR FSE T2WI to assess a patient with Nutcracker syndrome.
CASE REPORT
Institutional Review Board approval was obtained for this case report. A 24-year-old man (Body Mass Index = 19.4) suffered from recurrent, intermittent dull upper abdominal pain for more than one year. He had visited several hospitals for help, and the endoscopic study revealed gastritis and the presence of shallow ulcers. Sonography revealed cholelithiasis. Conservative therapy was recommended and the pain lessened over time.
The patient then reported to our emergency room complaining of acute upper abdominal pain and left flank pain with radiation to the left infra-scapular region. He reported having similar attacks over the previous six months. An Huei-Lung Liang, MD 2, 5 Huay-Ben Pan, MD 2, 5 tomography (CT) scan revealed a heterogeneously enhanced low-attenuation left kidney (Fig. 1A) , and acute pyelonephritis was suspected. There were dilated anterior and posterior LRVs (Fig. 1) , which drained to a common LRV. No thrombi were noted in the LRVs. A narrow aorto-mesenteric segment of the common LRV was also noted (Fig. 1A) , which was overlooked at that time, and it was probably considered to be a normal variant. The patient had no fever, and the urine analysis revealed no evidence of urinary tract infection.
MR cholangiopancreatography was performed due to his persistent upper abdominal and left flank pain and his history of cholelithiasis. Interestingly, the LRV and intrarenal varicosities appeared as bright as the gallbladder and duodenum (Fig. 1B, C) on the MR FSE T2WI (slice thickness = 7.5 mm; TE = 92.88 ms; TR = 7058.82 ms; echo train length = 26; matrix = 256 224; flip angle = 90). An interventional radiologist was consulted, and these findings were thought to be due to marked flow stagnation in the LRVs, which inferred the presence of venous hypertension. Non-compensatory Nutcracker syndrome was strongly suspected when considering the anatomic characteristics and also because no extra-renal collateral circulation could be identified (3). 
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A vascular interventional radiologist and vascular surgeon were consulted. After a thorough discussion with the patient and his family, he decided to undergo LRV reimplantation without stent placement for financial reasons. The LRV was re-implanted 1.5 cm below its original location. Before surgery, the patient had reported an initial visual analogue pain score (VAS) of 9, which fell to two points on the 5th day post-LRV re-implantation.
However, the same pattern of abdominal and flank pain again arose one month after surgery, with a reported VAS score of 10. A repeat CT scan revealed distention of both the anterior and posterior LRVs, and the common LRV in the aorto-mesenteric space remained entrapped. Therefore, the patient was referred for endovascular treatment. A metallic stent (12 mm 60 mm, Zilver; COOK, Bloomington, IN) was inserted across the entrapped segment of the main LRV. The stent was not dilated after the procedure due to the fear of anastomosis site rupture. After the endoprosthesis was inserted, the discomfort gradually lessened to a final VAS score of 1 at three days post-stent insertion, and the patient was discharged. The VAS score remained constant at 1 for at least three months.
A three-month follow-up MR study revealed no stagnation in the main or anterior LRVs, which were completely black on the MR FSE T2WI (Fig. 1D) . However, the posterior LRV remained hyperintense (Fig. 1E) , and this was considered to indicate a slow intravenous flow rate. The MR images revealed that the posterior LRV was compressed by the left renal artery (Fig. 1E) . However, no further treatment was suggested because the patient experienced only mild upper abdominal discomfort.
DISCUSSION
Diagnosing Nutcracker phenomenon can be done by anatomic assessment, with finding LRV compression between the aorta and SMA, a ratio between the distended and narrowed portions of the LRV of > 1.5 for the anteroposterior diameter (4) and a sharp, rather than 90。branch-ing angle of the SMA from the aorta (2) (Fig. 1F) all indicating the phenomenon. Clinically identifying Nutcracker syndrome combined with venous hypertension is more complicated. Several anatomic findings can indicate venous hypertension, including a ratio between the distended and narrowed portions of the LRV of > 5.0 for the anteroposterior diameter (69% sensitivity and 89% specificity for Nutcracker syndrome) (5), and identification of peri-renal and peri-ureteral collateral veins. However, anatomic assessment alone is usually inadequate for making a conclusive diagnosis. For example, Takebayashi et al. (3) evaluated 44 patients with hematuria of an unknown origin by performing Doppler sonography, and they correlated their findings with the pressure-gradient measurements. In 23 distended LRVs, 30% (7/23) lacked collateral veins or hypertension and 4% (1/23) had hypertension, but no collateral veins. Therefore, physiologic assessment is essential for making the diagnosis. 
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The standard (although invasive) method of physiologic assessment is measuring the reno-caval pressure gradient during phlebography. If the pressure gradient is > 3 mmHg, the patient is considered to have venous hypertension (6) . A non-invasive alternative is to measure the peak velocities in the distended and narrowed segments of the LRV using Doppler ultrasonography, and then calculating a velocity ratio. If the velocity ratio is > 5.0, then the sensitivity and specificity are 80% and 94%, respectively, for diagnosing Nutcracker syndrome. A combined cutoff value of the anteroposterior diameter and velocity ratios yields a sensitivity of 90% and specificity of 100% (5).
However, quantitative analysis of the venous flow by Doppler sonography has potential pitfalls. It is difficult to obtain a spectral Doppler sampling from an entrapped segment of the LRV in the aortomesenteric space. Furthermore, Doppler sonography is neither accurate nor reproducible when quantifying vessel flow due to the inaccuracy of measuring vessel diameters, their variations with systole and the inappropriate angle of insonation.
Using FSE techniques, Bluemke et al. (7) observed that small veins with slow flow gave very high signaling intensities on T2-weighted images, based on the relatively long T2 of blood. The use of FSE MR phlebography for the forearm and calf veins provided routinely good depiction of the venous anatomy.
For the spin echo (SE) imaging, the protons must be exposed to both 90 and 180 radio frequency pulses to emit a signal. Time-of-flight (TOF) signaling loss can occur when the flowing protons do not remain within a selected slice long enough to be exposed to both frequency pulses. Longer echo times permit blood to exit a section of vessel before generating a signal, while slow flow rates lead to signal generation and generating SE sequences where the blood appears black. If a high signaling intensity in a vessel without flow artifacts is detected on an FSE with long echo times, then the flow should be markedly stagnant. In our case, the LRV signaling intensity using FSE T2WI was as bright as that of the bile in the gallbladder or duodenum.
There is a linear relationship between the MR signaling intensity and the velocity of blood flow. The minimal velocity (v) needed for a given SE pulse sequence in a selected slice to visualize dark blood can be calculated from v = slice thickness/(1/2 TE) (8) . In our case, the flow velocity in the LRV should be > 16.1 cm/s (0.75 cm/ 0.04644 s) to allow visualization of a signaling void in a vessel. Takebayashi et al. (3) defined a LRV flow rate of < 15 cm/s as slow and > 30 cm/min as fast. Therefore, in his follow-up MR FSE T2WI images where most of the LRVs appeared as signaling voids, the flow rates were considered as medium or fast.
The relationships between the pressure gradient and flow velocity have also been studied. When a tube is distally collapsed (comparable to an entrapped renal vein), the pressure gradient reportedly decreases as the flow velocity increases (3). In addition, according to Bernoulli's principle for fluid dynamics, a decrease in fluid speed occurs simultaneously with an increase in pressure and vice-versa. Therefore, the flow rate in a markedly congested and hypertensive LRV should be low. However, in Takebayashi et al.'s study (3) , there were five cases where the reno-caval pressure gradient was > 3 mmHg and the measured LRV velocity was variable (low or high). They concluded that one cannot predict the reno-caval pressure gradient by measuring the flow velocity with Doppler sonography. Because of their small number of cases and the potential limitations of their ultrasonographic flow measurements, we still believe that a slow LRV flow rate correlates with an increased pressure gradient. This is perhaps why a large LRV velocity ratio indicates a high probability of Nutcracker syndrome (5), since a higher pressure gradient across the aortomesenteric segment results in a higher measured flow rate and therefore, a larger numerator in the ratio.
Time-of-flight MR angiography in the para-sagittal plane is best for assessing the branching angle of the SMA from the aorta. Though similar with MR imaging, multi-detector rows CT and CT angiography can provide multi-planar anatomic assessment; however, MRI is free of radiation and no contrast medium is needed for TOF MR angiography. In addition, the FSE T2WI holds potential value to visualize the stagnant flow in a hypertensive LRV, and this technique can be applied to both diagnosing Nutcracker syndrome and the follow-up.
In conclusion, a hyperintense LRV on MR FSE T2WI indicated marked flow stagnation, and this inferred the presence of venous hypertension and suggested a diagnosis of Nutcracker syndrome. Therefore, we think the value of MRI for assessing Nutcracker syndrome may not only lie in its ability to depict the anatomic characteristics, but also in providing a non-invasive method of assessing venous hypertension. The LRV signaling intensity from MR FSE T2WI can also be used for follow-up. Accordingly, we advocate that a controlled study is needed to establish the correlation between the LRV signaling intensity and the reno-caval pressure gradient in patients with Nutcracker syndrome and Nutcracker phenomenon. For patients with Nutcracker phenomenon and related symptoms, we recommend using MR imaging, including FSE and TOF MR angiography, before performing invasive studies such as phlebography or measuring the pressure gradient.
